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•  ICRF; 
•  Criteria for stability: 
– MFV; 

– KLB. 
•  Effect of source stability on ICRF; 
•  Conclusions and perspecEves. 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Fig. 42.— gsf008a distribution of 1448 multi-session sources (at least 2 observing sessions).
The un-inflated 1-σ formal declination errors are color coded according to the legend in the
figure. The median σδ = 175 µas. The center is (α, δ) = (0, 0). The Galactic plane is the

roughly Ω-shaped line surrounding the center. The ecliptic plane is the dashed line. The
single-session survey sources used to densify are shown in the next figure, Figure 43.

Fig. 43.— gsf008a survey distribution of 1966 single-session sources. The un-inflated 1-σ
formal declination errors are color coded according to the legend in the figure. The median
σδ = 751 µas. The center is (α,δ)=(0,0). The Galactic plane is the roughly Ω-shaped line

surrounding the center. The ecliptic plane is the dashed line.
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•  Network (even distribuEon over of the sky); 
•  ObservaEon (strength, compact mass); 

•  Quality of the observaEons (Eme span, 
standard deviaEon); 

•  Long‐term quality: 
– Structure (driS, tendency, periodic signals); 
– Level and type of noise of the source Eme series. 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Fig. 39.— Distribution of the defining sources.

Table 17: Axis stability tests: transformation parameters between ICRF2 and ICRF-Ext.2
for various subsets of defining sources. Unit is µas.

No. A1 ± A2 ± A3 ± dz ± rα rδ

sources

ICRF2 sources common to ICRF-Ext.2

All 710 18.2 9.1 −5.6 8.5 8.2 8.3 15.2 8.1 4.52 5.87
North 435 26.7 9.0 −6.2 8.5 5.9 8.8 21.1 8.8 5.18 5.03
South 275 −11.5 23.4 −2.9 21.0 10.9 17.7 1.2 18.2 8.91 13.18
Used for NNR 207 1.0 20.0 4.5 19.7 −14.1 21.0 −2.7 17.5 9.71 13.44

ICRF2 defining sources

Common to ICRF-Ext.2 245 5.2 11.0 −5.1 10.5 14.0 10.4 22.0 10.0 5.32 7.43
Used for linking 138 −0.0 19.2 0.0 19.5 0.0 18.4 11.1 16.6 9.20 12.44
North 148 17.0 10.7 −1.2 10.4 12.7 10.7 26.1 10.2 6.07 7.51
South 97 −35.4 28.0 −18.6 24.8 11.2 22.3 19.9 22.3 10.46 16.51
Decimation rate = 2 128 −1.9 14.9 15.3 15.7 17.9 14.5 20.1 13.9 7.07 10.66
Decimation rate = 3 166 4.5 11.3 −19.3 10.5 20.2 11.1 13.6 10.5 5.62 7.62

Overall wrms 12.4 7.9 6.8 7.0
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295 defining sources

138 used for linking

97 common to ICRF defining sources

Fig. 40.— Distribution of the 295 defining sources (blue circles), of the 138 used for linking
ICRF2 to ICRF-Ext.2 (red diamonds). The 97 ICRF2 defining sources that are also defining

sources of the ICRF1 are marked with green squares.
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•  “295 new defining sources selected on the basis 
of posiEonal stability and the lack of extensive 
intrinsic source structure. The stability of these 
295 defining sources, and their more uniform sky 
distribuEon eliminates the two largest 
weaknesses of ICRF1.”                                           
DraS technical note – July 2009. 

•  ICRF2 defining sources: 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•  PublicaEons in A&A : 
– 2001: “Stability of the extragalacEc VLBI reference 
frame” – A.‐M. GonEer, K. Le Bail, M. Feissel, T. M. 
Eubanks; 

– 2003: “SelecEng stable extragalacEc compact 
radio sources from the permanent astrogeodeEc 
VLBI program” – M. Feissel‐Vernier; 

– 2006: “Analysis strategy issues for the 
maintenance of the ICRF axes” – M. Feissel‐
Vernier, C. Ma, A.‐M. GonEer, C. Barache. 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•  Source coordinates derived by Fey (2002) over 
1979‐2002; 

•  First selecEon: criteria based on conEnuity 
–  Period from 1989.5‐2002.4; 
–  Length of observaEon period longer than 5 years; 
–  Not less than two observaEons of the source in a given session; 
–  One‐year average coordinates based on at least three 

observaEons; 
–  Not more than three successive years with no observaEons; 
–  At least half of the one‐year averages available over the source 

observaEon span. 

•  Network of 362 sources. 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•  Analyze of Eme series of yearly values of αcosδ and δ: 
–  The linear driS; 
–  The normalized driS; 
–  The standard deviaEon; 
–  The Allan standard deviaEon for a one‐year sampling Eme. 

•  Study of five quanEEes:  
–  (1) Standard deviaEon only; 
–  (2) Allan standard deviaEon only; 
–  (3) Normalized velocity only; 
–  (4) Standard deviaEon and normalized velocity; 
–  (5) Allan standard deviaEon and normalized velocity. 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•  If (xi) are the measurements and T the 
sampling Eme: 

€ 

σ 2(T) =
1
2

< (x i+1 − x i)
2 >
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•  Stability criteria: based on the combinaEon of 
Allan standard deviaEons and normalized driSs 
for (αcosδ,δ);  Sta0s0cs  Threshold  Par0al 

index 

Allan Standard 
DeviaEon 

≤100μas  1 

100μas≤…≤200μas  2 

200μas≤…≤300μas  3 

≥300μas  10 

Normalized 
DriS 

≤1  1 

1≤..≤3  2 

≥3  3 

•  The value of 
the stability 
index for a 
source: 
(1,2,3,4). 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•  Same study applied to aug24; 
•  229 sources passed the first test of selecEon 
(362); 

•  68% of agreement: 
–  92 stable sources; 
–  63 unstable sources. 

•  32% of disagreement: 
–  22 sources considered                                                  
stable for MFV and                                                       
unstable for KLB; 

–  52 sources considered                                                     
stable for KLB and                                                                             
unstable for MFV. 

Sources 
number 

1 
KLB 

2 
KLB 

3 
KLB 

4 
KLB 

Total 
MFV 

1 
MFV 

17  4  2  17  40 

2 
MFV 

67  4  8  25  104 

3 
MFV 

4  1  1  0  6 

4 
MFV 

16  1  8  54  79 

Total 
KLB 

104  10  19  96  229 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•  StaEonary noise – BUT: Has a source the same 
behavior with Eme? No: strategy analysis, 
geometry of the observaEons, change in the 
instruments,… 

•  One‐year average – Already smoothing Eme 
series. What is hidden behind that? Can we 
decrease the sampling Eme to obtain more 
points in the Allan variance plot to obtain a 
more precise determinaEon of the slope? 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•  From gsf005a, the preprocessing consists on: 
–  Eliminate 930 sources with less than 30 points and 112 
more because the observaEons are too scasered within 
the Eme span; 

–  Delete the outliers at 3‐sigma; 
–  Divide Eme series (162 sources leS): 

•  2 sources unmodified; 
•  1 divided in 3 Eme series; 
•  22 in 2 Eme series; 
•  137 sources cleaned. 

–  Compute average Eme series of one‐year, 30‐day and 10‐
day. 

•  186 Eme series. 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•  Three categories 
depending on the 
type of noise: 
–  Category A:        
White noise (115); 

–  Category B:         
Flicker noise or 
threshold (45); 

–  Category C:  
Apparent moEon 
(26).   Category A 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categories 
depending 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the 
type of noise: 
–  Category A:        
White 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(115); 

–  Category B: 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threshold 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–  Category C: 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(26).   Category B Category 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•  Three categories 
depending on the 
type of noise: 
–  Category A:        
White noise (115); 

–  Category B:         
Flicker noise or 
threshold (45); 

–  Category C:  
Apparent moEon 
(26).   Category B  Category C Category A 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Category B  Category C Category A 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•  Category A:                           
The quality of the data 
is improving with Eme; 

•  Category B:                    
The quality of the data 
is stabilized at a certain 
level of noise; 

•  Category C:                      
This is impossible to 
have a clear conclusion 
due to some "signal" in 
the Eme series. 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•  Test applied to the following selecEons of sources: 
–  Defining sources; 
–  SelecEon of MFV (2003); 
–  SelecEon of KLB using MFV criteria; 
–  SelecEon of KLB. 

€ 

(αm −α i)cosδm = A1(i)tanδi cosα i + A2(i)tanδi sinα i − A3(i)
δm −δi = −A1(i)sinα i + A2(i)cosα i + dz(i)
 
 
 

"me 

Mean CRF 

Year i  Year i+1 Year i‐1 

CRFi‐1  CRFi  CRFi+1 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Median 
and std 
(mas) 

Sources 
number 

A1  A2  A3  dz 

IniEal  410 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Median 
and std 
(mas) 

Sources 
number 

A1  A2  A3  dz 

IniEal  410 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•  Conclusions 
•  Defining sources are the 
selecEon giving the less stable 
CRF; 
•  The 3 KLB selecEons show 
comparable results in A3; 
•  In A1, A2 and dz, the three 
curves show the same stability 
from 1995 to the end. 

•  Work in progress 
•  KLB criteria as a funcEon of 
Eme; 
•  Extending the period to 2009; 
•  Those tests will answer the 
following quesEon: is the 
stability of the CRF dependent 
on the network, then on the 
homogeneous cover of the sky? 

1990 1992 1994 1996 1998 2000 2002
0

2

4

6
195 404 362 471 447 517 425 411 429 464 409 406 317 227

97 160 164 184 184 215 180 187 171 204 172 183 146 107

68 81 84 90 97 99 97 97 99 102 100 101 90 77

89 117 118 124 129 131 129 128 128 138 138 134 123 116

74 93 95 99 104 104 103 104 104 110 112 106 96 92

Sources number

1990 1992 1994 1996 1998 2000 2002
0

200

400

Sources number

 

 

Initial

Defining sources

KLB/MFV selection

KLB/type

KLB/type and level

1990 1992 1994 1996 1998 2000 2002
!0.5

0

0.5

Param. dz (mas)

1990 1992 1994 1996 1998 2000 2002
!0.5

0

0.5

Angle A1 (mas)

1990 1992 1994 1996 1998 2000 2002
!0.5

0

0.5

Angle A2 (mas)

1990 1992 1994 1996 1998 2000 2002
!0.5

0

0.5

Angle A3 (mas)

1990 1992 1994 1996 1998 2000 2002
0

2

4

6
195 404 362 471 447 517 425 411 429 464 409 406 317 227

97 160 164 184 184 215 180 187 171 204 172 183 146 107

68 81 84 90 97 99 97 97 99 102 100 101 90 77

89 117 118 124 129 131 129 128 128 138 138 134 123 116

74 93 95 99 104 104 103 104 104 110 112 106 96 92

Sources number

1990 1992 1994 1996 1998 2000 2002
0

200

400

Sources number

 

 

Initial

Defining sources

KLB/MFV selection

KLB/type

KLB/type and level

1990 1992 1994 1996 1998 2000 2002
!0.5

0

0.5

Param. dz (mas)



K. O. Le Bail 1-October-2009 

2009 VLBI Seminar 

•  Comparison with other VLBI analysis centers. 

Time series (α,δ) 

OpEon1: Global study 
(MFV‐type) 

OpEon2: Individual sources 
study (funcEon of Eme) 

‐  Yearly average 
‐  Criteria of stability based on Allan standard 

deviaEon and normalized velocity 

‐  10‐day, 30‐day, yearly average 
‐  Criteria of stability funcEon of Eme 
based on the type and level of noise 

‐  Set of sources in each criteria category 

(A1, A2, A3, dz) 
esEmate 

Stability of the selecEon 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•  An update of the selecEon of good sources 
shows a beser stability than the selecEon of 
MFV (2003); 

•  The selecEon of stable sources is dependent 
on the set of Eme series studied; 

•  Comparison with other Analysis Centers. 


